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Abstract
We study a minimal modification of Gauge Mediation in which the messenger sector
couples directly to the MSSM matter fields. These couplings are controlled by the same
dynamics that explain the flavor hierarchies, and therefore are parametrically as small as
the Yukawas. This setup gives rise to an interesting SUSY spectrum that is calculable in
terms of a single new parameter. Due to large A-terms, the model can easily accommodate
a 126 GeV Higgs with a relatively light SUSY spectrum. The flavor structure depends on
the particular underlying flavor model, but flavor-violating effects arise dominantly in the
up-sector and are strongly suppressed in ∆F = 2 observables. This strong suppression
is reminiscent of what happens in the case of wave function renormalization or Partial
Compositeness, despite the underlying flavor model can be a simple U(1) flavor model
(which in the context of Gravity Mediation suffers from strong ∆F = 2 constraints). This
structure allows to account for the recent observation of direct CP violation in D-meson
decays.
1 Introduction
While the discovery of low-energy supersymmetry (SUSY) at the LHC is eagerly awaited, the
mechanism of SUSY breaking and its communication to the observable sector still remains
unclear. Among the many candidates, Gauge Mediation provides an elegant and very pre-
dictive framework, since models with gauge-mediated SUSY breaking (GMSB) [1] lead to a
SUSY spectrum that is completely calculable in terms of few parameters. In the minimal
realizations of GMSB sfermion masses are flavor-universal at the messengers scale, so that
the only source of flavor violation in the sfermion sector are due to renormalization-group
(RG) effects from the Standard Model (SM) Yukawa couplings. Therefore these kind of mod-
els naturally realize the Minimal Flavor Violation (MFV) paradigm [2], which implies that
flavor-violating effects beyond the SM are predicted to be extremely small.
On the other hand, minimal realizations of GMSB are now seriously challenged [3] by
the LHC discovery of a new boson compatible with the SM Higgs, with mass mh ≈ 126
GeV [4,5]. In the context of the Minimal Supersymmetric Standard Model (MSSM), such a
value requires in fact either heavy top squarks (with masses of several TeV) or large left-right
stop mixing, in order to enhance the 1-loop top-stop contribution to mh. In minimal Gauge
Mediation A-terms vanish at leading order at the messenger scale and are only radiatively
generated by the RG evolution, so that the resulting left-right stop mixing is small. Hence,
minimal GMSB can account for mh ≈ 126 GeV only at the price of large fine-tuning and a
spectrum beyond the reach of the LHC. This calls for extensions of the minimal framework,
as recently discussed in Refs. [6–14]. For earlier works in this direction see Refs. [15–17].
Most of these scenarios preserve the MFV structure of minimal Gauge Mediation. How-
ever, it might turn out that such a flavor sector is too restrictive and a setup which goes
beyond MFV, although in a controlled way, is favored. An example is provided by the ev-
idence for direct CP violation in D meson decays as reported by the LHCb [18] and CDF
collaborations [19]. Even though at the moment it is not possible to argue that this measure-
ment is a clear signal of physics beyond the SM [20–28], it is interesting to see whether new
physics can naturally account for it.
A promising candidate is offered by the framework proposed in Ref. [6], called “Flavored
Gauge Mediation” (FGM), where direct couplings of MSSM matter fields to the GMSB mes-
sengers are considered. In contrast to e.g. Ref. [7], where these couplings are directly aligned
to the MSSM Yukawa couplings leading to an MFV scenario, the new couplings share only
the same parametric suppression as the Yukawas, but are not aligned to them. This flavor
structure might result from an underlying theory of flavor that controls Higgs-matter and
messenger-matter in the same way, for example as a consequence of a flavor symmetry under
which messengers and Higgs have the same quantum numbers.
In this work we study this framework in great detail and show that it gives rise to an
interesting pattern of flavor violation, in which the dominant effects enter through A-terms, i.e.
LR mass insertions, while effects from LL and RR mass insertions are strongly suppressed. As
a result, this framework represents a concrete realization of SUSY models with “disoriented”
A-terms [29]. It is therefore suitable not only to account for the large Higgs mass due to sizable
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A-terms, but also to address the large amount of direct CP violation in charm consistent with
neutron electric dipole moment (EDM) and D − D constraints [29]. We stress that it is
highly non-trivial to consider mechanisms of SUSY breaking where flavor violation enters
mainly through A-terms. For example flavor models a` la Froggatt-Nielsen in the context of
gravity mediation can only marginally realize such a setup [30], since they are challenged by
∆F = 2 constraints as a consequence of large off-diagonal entries generated in the LL and
RR squark mass matrices.
The flavor structure of soft terms in FGM in principle depends on the underlying theory
of flavor that explains Yukawa hierarchies. However, due to the loop origin of soft terms
in GMSB, there is a built-in suppression of ∆F = 2 flavor-violating effects so that flavor
violation enters dominantly through A-terms, independently of the underlying flavor model.
In the special case that the Yukawas and therefore the new messenger–matter couplings
have a simple factorizable structure y ∼ ǫLǫR as for example in U(1) flavor models, the
flavor structure of soft terms resembles that one in SUSY models with Partial Compositeness
(PC) [31,32]. We emphasize that here this particular flavor structure is solely due to the loop
origin of soft terms, which acts precisely as a wave function suppression [33,34]. In contrast to
SUSY PC models this scenario provides complete control of the theory, and therefore allows
to study the consequences of perturbative solutions to the flavor problem like e.g. flavor
symmetries in a very predictive setup for generating soft terms. Indeed, with respect to
minimal gauge mediation, the spectrum of the model is basically controlled by a single new
parameter of the size of the top Yukawa. For a broad range of this parameter the SUSY
spectrum is strongly modified with respect to minimal GMSB, with either light stops or light
first generation squarks and gluinos that are potentially observable at the LHC.
Similar studies have already been performed in Refs. [7, 8] and Ref. [12]. While the
conclusions about the SUSY spectrum reproduce the results of Ref. [8], in this work we try to
put a strong emphasis also on the flavor sector which after all is the main new feature of these
kinds of models. Based on underlying ideas that were developed in Ref. [6], in this work we
analyze the general flavor structure in great detail and study the corresponding low-energy
implications for flavor physics.
The rest of the paper is organized as follows: After presenting and motivating the model
setup in Section 2 we calculate the new contributions to the soft SUSY breaking terms in
Section 3. In Section 4 we study their consequences for the low-energy SUSY spectrum,
while the flavor phenomenology is discussed in Section 5. In Section 6 we compare the flavor
structure of the soft terms of this model to the one of MFV, U(1) flavor models and PC. We
conclude in Section 7.
2 Setup
We begin with a brief review of Minimal Gauge Mediation. In this scenario N copies of heavy
chiral superfields Φi + Φi in 5+ 5 of SU(5) are introduced. These messenger fields couple
directly to the SUSY breaking sector, which is effectively parameterized by a single spurion
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field X that gets a vev 〈X〉 =M + Fθ2. Through the coupling
W = XΦiΦi, i = 1 . . . N (1)
the messengers acquire large supersymmetric mass terms M and SUSY breaking masses
proportional to F . By integrating out the messengers at loop-level, soft terms are generated.
At the messenger scale, A-terms vanish and gaugino masses and sfermion masses are given
by
Mi(M) = N
αi(M)
4π
Λ, Λ =
F
M
, (2)
m2
f˜
(M) = 2N
3∑
i=1
Ci(f)
α2i (M)
(4π)2
Λ2, f = q, u, d, . . . , (3)
where Ci(f), i = 1, 2, 3 is the quadratic Casimir of the representation of the field f under
SU(3)× SU(2)×U(1).
Since the messengers have the same gauge quantum numbers as the MSSM Higgs fields,
in addition to the Yukawa couplings
W = (yU )ijQiUjHu + (yD)ijQiDjHd + (yE)ijLiEjHd, (4)
also direct couplings of messengers to MSSM fields are allowed by the gauge symmetries. If
we restrict to R-parity even messenger fields, the messengers can couple only to the MSSM
matter fields1. In general these couplings read
∆W = (λU )ijQiUjΦHu + (λD)ijQiDjΦHd + (λE)ijLiEjΦHd
+
1
2
(κQQ)ijQiQjΦT + (κUE)ijUiEjΦT
+ (κQL)ijQiLjΦT + (κUD)ijUiDjΦT , (5)
where ΦHu ,ΦT (ΦHd ,ΦT ) denote the SU(2) doublet and SU(3) triplets components of the 5
(5) messenger, and we restricted to the case of one messenger pair for simplicity.
The presence of direct messenger-matter couplings like in the first line of Eqn. (5) gives
rise to new contributions to sfermion masses and A-terms with a flavor structure that depends
on the new parameters λij. If these couplings were flavor-anarchic O (1) numbers, the ele-
gant solution of Gauge Mediation to the SUSY flavor problem would be completely spoiled.
Therefore it is usually assumed that all direct couplings of the messengers to matter fields
vanish, which can be enforced for example by introducing a new Z2 symmetry under which
MSSM fields are even and messengers are odd.
However, there is also another possibility as pointed out in Ref. [6]. Since the new inter-
actions in the first line of Eqn. (5) resemble the MSSM Yukawas, it is suggestive to assume
that also the corresponding couplings are of similar order, that is, to consider
λU,D,E ∼ yU,D,E, (6)
1For recent studies of the impact of messenger-matter-Higgs couplings see Ref. [11,13].
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where ∼ denotes equality up to O (1) numbers in each entry. Following Ref. [6], we refer to
these kinds of models as “Flavored Gauge Mediation” (FGM). The relation of Eq. (6) can
be justified by assuming that any dynamics that explains the smallness of MSSM Yukawas
treats the Higgs fields and the messengers in the same way. For example, in flavor symmetry
models one can assign the same transformation properties to messengers and Higgs fields (in
particular that they both transform trivially). Also models with partial compositeness [35],
where small Yukawas arise from a mixing of the matter superfields with heavy composite
states, can serve as a motivation provided that the Higgs fields and the messengers have a
similar amount of compositeness (in particular that they are both fully composite).
Since at this point the messengers have the same quantum numbers as the Higgs fields, also
their mass terms are given by a general 2×2 matrix. This matrix must have a light eigenvalue
(the µ-term), and the corresponding light states will be identified with the MSSM Higgs fields,
while the heavy eigenstates will be identified with the Gauge Mediation messengers. To
explain why one eigenvalue is so light is just the ordinary µ−problem of the MSSM, extended
to a 2 × 2 matrix. Common solutions to this problem typically introduce new symmetries
which forbid the µ-term in the symmetry limit and generate it proportional to the breaking
scale. Such symmetries provide a new quantum number that in general allows to differentiate
Higgs fields and messengers and will select only a subset of the general couplings in Eq. (5).
Out of the various possibilities, we focus on the case where only the messenger with the
quantum numbers of Hu couples to light fields, that is we consider the superpotential
∆W = XΦΦ+ (λU )ijQiUjΦHu (7)
in addition to the MSSM superpotential. Such a structure can be motivated for example
by considering a U(1) symmetry that enforces a zero eigenvalue of the 2 × 2 mass matrix of
Higgs and messenger fields in the symmetry limit. Since the messengers must be vector-like
under this symmetry while the Higgs are chiral, at most one of the messengers can have the
same charge as the corresponding Higgs field, and we simply choose to take equal charges
for ΦHu and Hu, as shown in Table 1. We are then free to couple only ΦHu to the spurion,
which will make it massive with ΦHd . Instead Hu will get a mass term with Hd from the
breaking of the U(1). Since this sector of the theory is quite model-dependent, we simply
assume that a µ-term of the right size is generated and concentrate on the effects of the new
couplings in Eq. (7). We only take into account that the inclusion of a superpotential term
∆W = µHuHd + µ
′ΦHuHd with µ ∼ µ′ ∼ m˜ gives a small tree-level correction to m2Hd that
is relevant only for very small messenger scales [7]
∆m2Hd,tree = −
µ′2
M2
Λ2
1− Λ2/M2 . (8)
Note that we consider a scenario in which the messengers doublets and triplets have different
charges. This choice is mainly motivated by following a bottom-up approach, in which we
want to restrict to the simplest possibility that gives rise to a large Higgs mass and non-MFV
flavor structure. It might be related to the fact that also the MSSM Higgs fields exhibit such
an SU(5) breaking structure because in contrast to the Higgs doublets the Higgs triplets must
4
ΦHu ΦT ΦHd ΦT Hu Hd X Q,U,D,E,L
U(1) 1 0 −1 0 1 1 0 −1/2
Table 1: U(1) charge assignment.
be ultra-heavy. Here we want to require that messenger doublets and triplets have the same
mass (coming from the spurion coupling), but they have different couplings to the matter
fields as a result of a different U(1) charge assignment. Still, an SU(5) compatible charge
assignment does not cause principal problems (note that there is no new source of proton
decay since only one Higgs triplet couples to light fields), and will be discussed elsewhere.
In summary our setup consists of the superpotential
W = (yU )ijQiUjHu + (yD)ijQiDjHd + (yE)ijLiEjHd
+X
(
ΦTΦT +ΦHdΦHu
)
+ (λU )ijQiUjΦHu, (9)
together with the assumption that the new parameters λU are of the same order as the Yukawa
couplings
(λU )ij ∼ (yU )ij. (10)
The superpotential is the most general one consistent with the charge assignment in Table
1 upon redefinition of ΦHu and Hu. Apart from the new parameters λU we have the usual
parameters of minimal Gauge Mediation, that is Λ ≡ F/M , the messenger scale M and tan β.
Throughout this paper we will consider only the case of one pair of messengers, although it
is straightforward to generalize this setup to more pairs.
3 High-energy Spectrum
We now calculate the SUSY spectrum at the messenger scale. Apart from the usual contri-
butions in Eqs. (2), (3) the presence of the messenger-matter couplings in Eq. (9) generates
new contributions to A-terms and sfermion masses that can be obtained from the general
formulae in Ref. [14] that are based on the method described in Ref. [36].
In contrast to the minimal setup A-terms arise at 1-loop and are given by
AU = − Λ
16π2
(
λUλ
†
UyU + 2 yUλ
†
UλU
)
(11)
AD = − Λ
16π2
λUλ
†
UyD (12)
AE = 0, (13)
where all couplings are evaluated at the messenger scale.
Sfermion masses receive new contributions at 1-loop and 2-loop. The 1-loop contributions
are suppressed by higher powers of x ≡ Λ/M , and thus are relevant only for very low messenger
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scales. They are given by
∆m˜2Q,1−loop = −
Λ2
96π2
x2h(x)λUλ
†
U (14)
∆m˜2U,1−loop = −
Λ2
48π2
x2h(x)λ†UλU , (15)
with the loop function
h(x) = 3
(x− 2) log(1− x)− (2 + x) log(1 + x)
x4
= 1 +
4x2
5
+O (x4) . (16)
Of course all soft terms involve such loop functions that give sub-leading corrections and
can be found in Refs. [7, 37]. In the parameter space we are considering these corrections
to gaugino and 2-loop sfermion masses are negligible, while A-terms receive multiplicative
corrections of order (1 + x
2
3 ) that we will take into account in the numerical analysis.
The new 2-loop contributions to soft masses read at the messenger scale M
∆m˜2E = ∆m˜
2
L = 0, (17)
∆m˜2U =
Λ2
128π4
[
−
(
13
15
g21 + 3g
2
2 +
16
3
g23
)
λ†UλU + 3λ
†
UλUλ
†
UλU + 3λ
†
UλUTrλUλ
†
U
+λ†UyUy
†
UλU + λ
†
UyDy
†
DλU − y†UλUλ†UyU + 3y†UλUTr yUλ†U + 3λ†UyUTrλUy†U
]
, (18)
∆m˜2D = −
Λ2
128π4
y†DλUλ
†
UyD, (19)
∆m˜2Q =
Λ2
256π4
[
−
(
13
15
g21 + 3g
2
2 +
16
3
g23
)
λUλ
†
U + 3λUλ
†
UλUλ
†
U + 3λUλ
†
UTrλUλ
†
U
+2λUy
†
UyUλ
†
U − 2 yUλ†UλUy†U + 3yUλ†UTrλUy†U + 3λUy†UTr yUλ†U
]
, (20)
∆m2Hu = −
3Λ2
256π4
[
2Tr yUλ
†
UλUy
†
U +TrλUλ
†
UyUy
†
U
]
, (21)
∆m2Hd = −
3Λ2
256π4
TrλUλ
†
UyDy
†
D, (22)
where all couplings are evaluated at the messenger scale. Finally there is the tree-level
contribution to m2Hd in Eq. (8) that arise from the inclusion of the µ-term
∆m2Hd,tree = −µ′2
x2
1− x2 . (23)
In the special case when (λU )ij = λUδi3δj3, the above expressions reduce to the ones obtained
in Ref. [7]. Since we will use this approximation in the next section to calculate the SUSY
spectrum, we essentially reproduce the results for the spectrum and the resulting SUSY
phenomenology of Ref. [7, 8].
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Figure 1: Low-energy spectrum normalized by the gluino mass mg˜. The messenger scale is
set to M = 108 TeV (left), M = 3× Λ (right).
4 SUSY Phenomenology
4.1 General Features of the Low-Energy Spectrum
We now discuss the consequences for the low-energy spectrum of the new contributions to
the soft terms in Eqs. (11)-(22) in the approximation that the only sizable new coupling is
(λU )33 ≡ λU . The spectrum of this model has been previously studied in [7, 8] and therefore
we keep the following discussion rather brief.
In Fig. 1 we plot the low-energy spectrum normalized by the gluino mass mg˜ as a function
of λU , with λU = 0 corresponding to minimal Gauge Mediation. In the left panel we show
the case of a high mediation scale, M = 108 TeV, in the right panel a low-scale mediation
example is displayed, M = 3 × Λ. The main difference between the two cases relies on the
1-loop contributions to the stop masses of Eqs. (14, 15), that are negligible for M ≫ Λ but
become relevant in the low-scale mediation case. The other parameters are as indicated in
the figure. The RG running and the SUSY spectrum have been computed by means of the
routine SOFTSUSY [38].
First of all, we recall that the gaugino spectrum is unchanged with respect to ordinary
Gauge Mediation. A-terms instead receive a new negative contribution at the messenger scale,
which grows in absolute value with λU – cf. Eq. (11) – and remains sizable at low-energy, as
shown in Fig. 1. This has important consequences for the lightest Higgs boson mass as we will
discuss later in more detail. From Eqs. (21) and (22) one can see that the new contributions
to Higgs soft masses are always negative. This goes in the same direction as the RG effects, so
that Higgs soft masses end up more negative than in ordinary Gauge Mediation. This might
spoil electroweak symmetry breaking (EWSB), if m2Hd becomes smaller than m
2
Hu
. However,
such a situation can occur only in a corner of the parameter space, corresponding to very large
values of tan β (that enhance both the negative high-scale contribution to m2Hd in Eq. (22)
and the radiative effects), and small values of At, i.e. λU (since otherwise the term in the m
2
Hu
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RGE ∝ |At|2 always guarantees that m2Hu < m2Hd). If this does not happen, then µ and Bµ
can be adjusted as usual to allow for successful EWSB, with µ2 ≈ −m2Hu in the largish tan β
regime. As m2Hu is more negative, µ gets increased and therefore the amount of fine-tuning
can be larger than in ordinary Gauge Mediation. The dependence of µ on λU is illustrated in
Fig. 1. For similar reasons, the mass of the CP-odd Higgs, mA, rapidly grows with λU , since
m2A ≈ m2Hd −m2Hu .
What regards the stop masses, the new 2-loop contributions can have either sign depending
on the relative size of λU and the gauge couplings, as one can see from Eqs. (18) and (20). For
λU = 0 the lighter stop is mainly t˜R, since it does not receive SU(2) contributions. Switching
on λU , for small values the new contribution to both t˜L,R is negative, as the negative terms
∝ λ2Ug2i dominate over those ∝ λ4U . As a consequence, both stops are lighter than in ordinary
Gauge Mediation, as we can see from the left panel of Fig. 1. Further increasing λU , the stop
masses then reach minimal values after which they rise quickly once λU is large enough. Since
the new contribution to t˜R grows faster with λU than the one to t˜L, as can be seen comparing
the terms ∝ λ4U in Eqs. (18) and (20), at some value for λU the lightest stop becomes mainly
left-handed. For M = O (Λ), the 1-loop contributions of Eqs. (14, 15) becomes effective and
the stop masses receive a further negative contribution, with the lightest stop possibly getting
tachyonic, as in the case shown in the right panel of the figure.
In contrast to ordinary gauge mediation the sleptons can receive a sizable RG contribution
16π2
d
dt
m˜2L,E ⊃
6
5
g21YL,ES (24)
due to the induced hypercharge Fayet–Iliopoulos (FI) term S, where YL,E is the hypercharge
of the L, E superfields. For large values of λU the FI-term is dominated by the stop masses
S ∼ m˜2tL − 2m˜2tR , (25)
and thus is negative in this scenario [7, 8]. This means that during the growth of λU the
right-handed slepton masses receive a positive contribution, while the left-handed sleptons
are driven lighter. Since m˜2E < m˜
2
L for λU = 0, the lightest sleptons are mainly right-handed
for small λU , then m˜
2
E grows and m˜
2
L decreases until a turning point, after which lightest
sleptons are mainly left-handed. Since m˜2L continues decreasing with λU , the lightest stau
quickly becomes tachyonic, setting an upper limit for λU . Such limit is λU ≃ 1.2 in the case
depicted in the left panel of Fig. 1, while for a low mediation scale (right panel) the allowed
range for λU is slightly enlarged, because the ordinary RG contribution to the stau masses
∝ y2τ is reduced due to the smaller length of the running.
The first and second generation squarks do not get new contributions at the high scale,
but get large positive RG effects driven by the gluino mass, which are proportional to αs and
therefore particularly strong at small scales. For large λU the stop masses, and therefore the
SUSY breaking scale MS ≡
√
m˜t1m˜t2 , are large, which means that the positive gluino effect
is less strong than for smaller λU , hence first generation squarks are slightly lighter for larger
λU , as shown for the example of d˜L in Fig. 1.
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Figure 2: Lower bounds on sparticle masses corresponding to a Higgs boson mass larger
than 123 GeV. Ordinary Gauge Mediation corresponds to λU = 0.
Let us finally comment on the dependence of the spectrum on the other parameters: the
messenger index N , tan β and the messenger scale M .2 A larger messenger index N first
increases the ordinary contribution to sfermion masses and therefore plays a similar role as
λU in controlling the relative size of ordinary and new contributions. Moreover, since gaugino
masses scale with N while sfermion masses with
√
N , a larger N pushes down the normalized
spectrum for small λU . As mentioned above, the messenger scale M influences the length of
the RG running and controls the size of the 1-loop contributions to the stop masses. Besides
that, it has also some impact on the new 2-loop contributions, since it determines the strength
of the gauge couplings. For example αs grows with smaller M , which means that e.g. the
minimum in the stop masses occurs for larger λU (as can be seen by comparing the two panels
of Fig. 1). The only effect of larger values of tan β (besides enhancing the usual negative RG
contributions to third generation sfermions, ∝ y2b and y2τ , as well as the LR sbottom and stau
mixing terms) is a slight increase of the t˜R mass due to the positive term ∝ y2bλ2U in Eq. (18).
4.2 Highlights of the Low-energy Spectrum
We now discuss the main new features of the spectrum described in the last section. The
most important difference with respect to ordinary Gauge Mediation is the occurrence of large
negative A-terms which can lead to large Higgs boson masses even for a quite light spectrum.
First of all, A-terms cannot be too large because they have to respect the vacuum stability
bound [39].
A2t + 3µ
2 ≤ 7.5 (m˜2tL + m˜2tR). (26)
If this bound is fulfilled, the A-terms control the top-stop 1-loop contribution to the Higgs
mass through the stop mixing parameter Xt ≡ At−µ cot β, which for tan β & 10 is basically
2Λ just sets the overall scale and is therefore not relevant for the normalized spectrum we are showing.
given by At. The approximate expression of this radiative correction reads:
∆m2h =
3m4t
8π2v2
(
log
M2S
m2t
+
X2t
M2S
(
1− X
2
t
12M2S
))
, (27)
whereMS ≡
√
m˜t1m˜t2 and v ≈ 174 GeV. This contribution is maximized for |Xt/MS | ≈
√
6,
in which case it brings up the Higgs mass to 125 GeV for MS ∼ 1 TeV (see e.g. [40]). As can
be seen from Fig. 1, the ratio |At/MS | is always larger than in minimal Gauge Mediation,
with the typical value of |At/MS | ≈ 1 for a high messenger scale (left panel). In the case
of low messenger scale (right panel), |At/MS | can easily reach
√
6, which maximizes the 1-
loop contributions to mh. This implies that the average stop mass MS can be much lighter
compared to minimal Gauge Mediation for the same value of mh.
Requiring a certain Higgs mass then fixes the overall scale of the SUSY spectrum of Fig. 1.
In Fig. 2 we plot the lower bounds of some sparticle masses requiring mh > 123 GeV, a value
compatible with the observed mh ≈ 126 GeV, once experimental and theoretical uncertainties
are taken into account (the latter can be estimated to be about 3 GeV, see e.g. [41]). The
figure has been obtained performing a scan of the parameters in the following ranges:
5 ≤ tan β ≤ 40, 40 TeV ≤ Λ ≤ 700 TeV, Λ < M ≤ 1015 GeV, N = 1,
and selecting the points corresponding to the lowest possible stop masses compatible with
mh > 123 GeV. The Higgs mass has been computed by SOFTSUSY [38], as the rest of the
spectrum.
Fig. 2 shows that the µ term, and thus the fine tuning, can be slightly smaller than in
ordinary Gauge Mediation for mh > 123 GeV. Moreover, the SUSY particles can be much
lighter. For instance, near the minimum at λU ≈ 0.7, the lightest stop can be as light as
400 GeV. Also larger values of λU are interesting since they can give relatively light first
generations squarks, gluinos (relevant for LHC searches) and LH sleptons. This latter feature
can be particularly relevant for the SUSY contribution to the anomalous magnetic moment
of the muon, ∆aµ ≡ (g − 2)SUSYµ /2, as pointed out in [8].
As we discussed, LH slepton masses strongly decrease for sizeable values of λU (and can
become smaller than the RH ones) and thus are significantly lighter than in ordinary Gauge
Mediation (where m˜µL & 2.5 TeV for mh > 123 GeV). Moreover, for sizeable values of λU ,
µ ≫ m˜µL , m˜µR . In this regime, ∆aµ is dominated by the pure Bino contribution, which is
µ-enhanced, in contrast to the usually dominant µ-suppressed Wino-Higgsino contribution,
as recently discussed in [42]. Taking for simplicity m˜µL = m˜µR = M1 ≡ m˜, ∆aµ can be
approximated by the following expression [42]:
∆aµ ≈ 1× 10−9
(
tan β
20
)(
500GeV
m˜
)2(1
8
10
µ/m˜
+
µ/m˜
10
)
. (28)
From this, we see that the SUSY contribution to (g− 2)µ can be easily large enough to lower
the tension with the experimental measurements. As an illustration, we plot in Fig. 3 ∆aµ
(computed using the full expression of [43]) as a function of λU for tan β = 10, 20, again fixing
10
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Figure 3: Largest SUSY contribution to ∆aµ compatible with mh > 123 GeV, as a function
of λU .
the lightest spectrum compatible with mh > 123GeV. As we can see, ∆aµ can reach values
of about (1÷ 2)× 10−9 if λU ≈ 1, thus reducing significantly the ∼ 3.5σ discrepancy between
the SM prediction and the experimental value ∆aµ = a
EXP
µ − aSMµ = 2.90(90) × 10−9 [44–47].
Much larger values of tan β are not viable for λU ≈ 1 because of tachyonic staus and thus do
not lead to a further enhancement of ∆aµ.
We now comment about SUSY searches at the LHC. Searches for GMSB scenarios depend
on the gravitino mass as well as on the nature of the next-to-lightest SUSY particle (NLSP).
Constraints and prospects for the present model have been discussed in detail in [8]. For
N = 1, the NLSP is typically a Bino-like neutralino, although stau NLSP is possible especially
for large λU , as follows from the above discussion. Depending on the gravitino mass, the NLSP
can decay promptly or be long-lived. The former case is realized for very light gravitinos
corresponding to M . 1000 TeV. However, larger F-terms in other sectors of the theory
can raise the gravitino mass even for such low mediation scales. As a consequence, in our
setup the parameters can always be adjusted such that the NLSP is a long-lived neutralino,
decaying outside the detector. In this case LHC searches resemble the ones for typical gravity
mediation scenarios based on multi-jets and /ET events. The most recent ATLAS [48] and
CMS [49] analysis then set a bound of about mg˜ & 1.2 TeV, corresponding in our model to
first generations squarks with m˜q & 1.6 TeV and m˜τ , mχ˜0 & 230 GeV. Limits in the case
of a prompt decay χ˜0 → G˜γ [50] or long-lived stau [51] are slightly more stringent (roughly
mg˜ & 1.5 TeV). In the case of a promptly decaying stau NLSP, recent searches based on
events with jets, /ET and at least one τ [52] set a bound of mg˜ & 1.2 (1.5) TeV for low (large)
values of tan β.
Finally we notice that h → γγ remains SM-like in this model. In principle, a light stau
(with large left-right mixing) and heavy higgsinos, could enhance h → γγ up to ∼ 50% for
mτ˜1 . 100 GeV [42, 53]. As we have seen, in this scenario mτ˜1 & 230 GeV and therefore we
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find at most only a few per-cent enhancement.
5 Flavor Phenomenology
We now turn to the flavor phenomenology of the model that is determined by the flavor
structure of the λU couplings. These matrices are assumed to have the same hierarchical
structure as the Yukawa couplings, as a consequence of some underlying theory of flavor.
Such a theory could be based on a flavor symmetry or other rationales like partial com-
positeness, and is in principle needed in order to make quantitative predictions in the flavor
sector. However the new flavor-violating effects can be sizable only in a limited sector of
the theory, which drastically reduces this ambiguity. As we will see, sizable effects arise only
through δuLR and δ
u
RR, the latter being strongly suppressed. Such a structure is precisely what
one needs in order to account for direct CP violation in charm decays in the context of SUSY,
and indeed one can easily generate a sizable CP asymmetry given a suitable Yukawa structure.
Before presenting the numerical analysis we discuss the general structure of flavor-violating
effects.
5.1 General Flavor Structure
From the expressions for soft terms in Eqs. (11)-(22) one can see that the flavor structure of
the new contributions takes the form
AU ∼ λUλ†UyU + yUλ†UλU , AD ∼ λUλ†UyD, (29)
∆m˜2Q ∼ λUλ†U , ∆m˜2U ∼ λ†UλU , ∆m˜2D ∼ y†DλUλ†UyD. (30)
Because of the particular underlying loop structure the A-terms and the RH down masses are
partially aligned to Yukawa matrices, so they will be suppressed by light Yukawas in the mass
basis. If we go to this basis where Yukawas are diagonalized by bi-unitary transformations
(V UL )
†yUV
U
R = y
diag
U (V
D
L )
†yDV
D
R = y
diag
D , (31)
the new couplings transform as
(V UL )
†λUV
U
R = λˆU . (32)
The matrices λˆU can always be calculated given the structure of Yukawa matrices. In the
special case where Yukawas (and therefore λU ) are hierarchical, that is yij ≤ yi′j for i′ > i and
yij ≤ yij′ for j′ > j, the bi-unitary transformations do not change the hierarchical structure
of λU but only the O (1) coefficients. In the hierarchical case the relation in Eq. (10) therefore
remains valid also in the mass basis, that is
λˆU ∼ λU ∼ yU . (33)
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In the fermion mass basis we then obtain for the parametric dependence of flavor violating
mass insertions
(δuLL)ij ∼ (λU )i3(λ∗U )j3, (δdLL)ij ∼ V3iV ∗3jy2t , (34)
(δuRR)ij ∼ (λ∗U )3i(λU )3j , (δdRR)ij ∼ yDi yDj V3iV ∗3jy2t , (35)
(δuLR)ij ∼
AmUj
m˜Qm˜U
(λU )i3(λ
∗
U )j3
y2t
+
AmUi
m˜Qm˜U
(λ∗U )3i(λU )3j
y2t
, (36)
(δdLR)ij ∼
AmDj
m˜Qm˜D
V3iV
∗
3j, (37)
where V = (V UL )
T (V DL )
∗ denotes the CKM matrix and A is defined by (AU )33 = Ayt. We
also assumed hierarchical Yukawas (so that λˆU ∼ λU ) and have dropped the flavor-diagonal
SUSY contribution to the LR sfermion mass matrix for simplicity. Notice that there are no
new effects in the slepton sector.
Since the Yukawa entries (yU )i<j determine the left-handed rotations, in the absence of
cancellations between up- and down sector they are constrained by the CKM matrix, and
so are the λU couplings, (λU )13 . λ
3, (λU )23 . λ
2 (λ ≈ 0.2). Therefore both δuLL and δdLL
have a CKM suppression, while δdRR and δ
d
LR are negligibly small due to CKM suppression
in addition to light Yukawa suppression (this is a consequence of the fact that there is no
new spurion transforming under SU(3)d). Therefore flavor violating effects manifest them-
selves dominantly through δuRR and δ
u
LR. Since the latter is partially aligned to the Yukawas,
the prevailing effect for light generations is through an “effective” triple LR mass insertion
(δuLR)
eff
ij ≡ (δuLL)i3(δuLR)33(δuRR)3j or double LR mass insertion (δuLR)effij ≡ (δuLL)i3(δuLR)3j and
(δuLR)
eff
ij ≡ (δuLR)i3(δuRR)3j , since in this way the diagonal Yukawa coupling can be sandwiched
between the λU spurions that are not diagonal in the mass basis. The dominant effect is then
given by
(δuLR)
eff
ij ∼
mt(A− y2t µ∗/ tan β)
m˜Qm˜U
(λU )i3(λU )3j i, j = 1, 2. (38)
Although the flavor structure of λU depends on the particular underlying flavor model, we
stress that flavor-violating effects arise dominantly in the up-sector and are strongly sup-
pressed in ∆F = 2 observables. To see this point more explicitly, we restrict to the case
where λU is controlled by a single U(1) symmetry so that (yU )ij ∼ (λU )ij ∼ ǫQi+Uj where ǫ is
a small order parameter and Qi, Ui denote the positive U(1) charges. In such a case, we find
(δuLL)ij ∼ V ∗i3Vj3y2t , (δuRR)ij ∼
yUi y
U
j
V ∗i3Vj3
, (39)
(δuLR)
eff
ij ∼
mUj
(
A− y2t µ∗/ tan β
)
m˜Qm˜U
V ∗i3
Vj3
y2t i, j = 1, 2. (40)
Despite the underlying U(1) flavor symmetry, the GMSB setup leads to a strong suppression
for LL and RR mass insertions, which is reminiscent of what happens in the case of wave
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function renormalization [33,34] or Partial Compositeness [31,32]. In FGM models, the extra
suppression originates in the loop origin of soft terms, which acts precisely as a wave function
suppression.
This peculiar flavor structure leads to phenomenological consequences that are are espe-
cially important for charm physics and hadronic EDMs, as we are going to discuss now.
5.2 Flavor Predictions
The existence of direct charm CP violation in D → P+P− decays (P = π,K) has been firmly
established experimentally after the measurements by the LHCb and CDF collaborations.
The combination of the LHCb [18] and CDF [19] results with previous measurements leads
to the world average [19] 3
∆aCP ≡ aK+K− − api+pi− = −(0.68 ± 0.15)% , (41)
where
af ≡ Γ(D
0 → f)− Γ(D¯0 → f)
Γ(D0 → f) + Γ(D¯0 → f) , f = K
+K−, π+π−. (42)
The result in eq. (41) represents an evidence for CP violation at the 4σ level.
In the SM it turns out that ∆aSMCP ≈ −(0.13%) × Im(∆RSM) [55], where ∆RSM stands
for ratios of hadronic amplitudes which in perturbation theory are expected to be of order
∆RSM ≈ αs(mc)/π ≈ 0.1, but a significant enhancement could arise from non-perturbative
effects (see refs. [20–22]).
Therefore, we assume hereafter that new physics effects are at work and we investigate
on the implications of this measurement. As throughly discussed in ref. [29, 56], new physics
theories generating a large CP violating phase for the ∆C = 1 chromomagnetic operator are
the best candidate to explain the result in question while naturally accounting for all current
flavor data, especially D0 − D¯0 mixing data. New-physics (NP) effects are encoded in the
effective Hamiltonian
Heff−NP|∆c|=1 =
GF√
2
∑
i
(
CiQi + C
′
iQ
′
i + h.c.
)
, (43)
where the relevant electromagnetic and chromomagnetic dipole operators read
Q7 =
mc
4π2
u¯LσµνeF
µνcR ,
Q8 =
mc
4π2
u¯LσµνgsG
µνcR . (44)
As usual, Q′7,8 are obtained from Q7,8 by exchanging L↔ R.
3Recently, the LHCb collaboration claimed the new result ∆aCP = (0.49±0.30±0.14)% [54] that has been
obtained using D0 mesons produced in semileptonic b-hadron decays. By contrast, all previous analyses have
used D0 mesons from D∗+ → D0pi+ decays. This result does not confirm the evidence for direct CP violation
in the charm sector reported in all previous analyses. Hereafter, we do not consider the new LHCb result
waiting for its confirmation.
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At the low (physical) scale mc, the expression for C
(′)
7,8 can be obtained from the corre-
sponding expression at high scale taking into account the leading log RG evolution of the
operators [57]
C
(′)
7 (mc) = η˜
[
ηC
(′)
7 (m˜) + 8Qu (η − 1)C(′)8 (m˜)
]
, (45)
C
(′)
8 (mc) = η˜ C
(′)
8 (m˜), (46)
where Qu = 2/3 is the up-quark electric charge and
η =
[
αs(m˜)
αs(mt)
] 2
21
[
αs(mt)
αs(mb)
] 2
23
[
αs(mb)
αs(mc)
] 2
25
, (47)
η˜ =
[
αs(m˜)
αs(mt)
] 14
21
[
αs(mt)
αs(mb)
] 14
23
[
αs(mb)
αs(mc)
]14
25
. (48)
Following the QCD factorization approach of ref. [56], which we assume for definiteness keep-
ing in mind that it suffers from O(1) uncertainties, one can find that
|∆aCP | ≈ 4
sin θc
αs(mc)
π
∣∣Im (C8(mc) +C ′8(mc))∣∣ , (49)
where, hereafter, we assume αs(mc)/π = 0.1.
In order to establish whether the observed ∆aCP can be accommodated in the SM or not,
it would be important to monitor other observables which are sensitive to the same (potential)
NP effect. In NP scenarios where ∆aCP mostly arises from the chromomagnetic operator, the
direct CP asymmetries in radiative decays D → P+P−γ (P = π,K) are the best candidates
to make such a test, as recently pointed out in ref. [58] (see also ref. [59]). In particular, the
CP violating asymmetries for D → V γ in the ρ and ω modes can be estimated as [58]
|a(ρ,ω)γ | = 0.04(1)
∣∣∣∣ Im[C7(mc)]0.4 × 10−2
∣∣∣∣
[
10−5
B(D → (ρ, ω)γ)
]1/2
, (50)
where we have assumed maximal strong phases.
Indeed, even if D → P+P−γ is sensitive to C(′)7 , in contrast to ∆aCP that is sensitive to
C
(′)
8 , many NP scenarios predict comparable effects for C
(′)
7,8. Moreover, irrespectively of the
high scale value for C
(′)
7 , a non-vanishing C
(′)
8 at the high scale unavoidably contributes to
C
(′)
7 (mc) through QCD running effects.
In the case of SUSY the dominant effects to C
(′)
7,8 arise from the loop exchange of gluinos
and up-squarks with an underlying left-right mass insertion (δu12)LR. Although our numerical
analysis is based on the exact expressions for C
(′)
7,8 as evaluated in the mass eigenstate basis [60],
in the following, for illustrative purposes, we provide the expression for C7,8 at the SUSY scale
in the mass-insertion approximation,
C
(g˜)
7,8 = −
√
2παsm˜g
GFmc
(δu12)LR
m˜2q
g7,8(xgq) , (51)
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where xgq = m˜
2
g/m˜
2
q and the loop functions are
g
(2)
7 (x) =
4(1 + 5x)
9(1 − x)3 +
8x(2 + x)
9(1 − x)4 log x , g7(1) =
2
27
, (52)
g8(x) =
11 + x
3(1 − x)3 +
9 + 16x− x2
6(1 − x)4 log x , g8(1) = −
5
36
. (53)
In particular, assuming degenerate supersymmetric masses (m˜q = m˜g ≡ m˜), one can find
∣∣∆aSUSYCP ∣∣ ≈ 0.6%
(∣∣Im (δu12)LR + Im (δu12)RL∣∣
10−3
)(
TeV
m˜
)
. (54)
On the other hand, we also find that
|aSUSY(ρ,ω)γ | ≈ 5
∣∣∆aSUSYCP ∣∣×
[
10−5
B(D → (ρ, ω)γ)
]1/2
. 10% , (55)
where we have taken mSUSY = 1TeV.
In our setup, the dominant contributions come from (δuLR)
eff
12 and (δ
u
LR)
eff
21 as given by
Eq. (38). Since in the absence of cancellations the (λU )i3 entries are bounded by the corre-
sponding CKM elements, the maximal effects are given by
Im(δuLR)12 ∼ 1× 10−3
(
A
m˜
)(
1TeV
m˜
)(
(λU )13
λ3
)(
(λU )32
O (1)
)
, (56)
Im(δuLR)21 ∼ 7× 10−3
(
A
m˜
)(
1TeV
m˜
)(
(λU )23
λ2
)(
(λU )31
O (1)
)
, (57)
where the parameter A is defined by (AU )33 = Ayt. We therefore see that an imaginary part
of the order of 10−3 can be easily achieved in this setup.
However, non-trivial bounds in the up-sector arise from D0 −D0 mixing and the neutron
EDM which constrain (δuRR)12 and Im(δ
u
LR)
eff
11 , respectively. Requiring Im(δ
u
RR)12 . 6 ×
10−2(m˜/TeV) (see [61, 62] and references therein) and Im(δuLR)11 . 4 × 10−6(m˜/TeV),4 we
find
Im [(λ∗U )31(λU )32] . 6× 10−2
(
m˜
1TeV
)
, (58)
Im [(λU )13(λU )31] . 2× 10−5
(
m˜
1TeV
)(
m˜
A
)
. (59)
Here we have neglected the effect of the different loop function that arises from the effective
double or triple mass insertion. Taking it into account will slightly weaken the bounds.
4 The parameters (δd,uLR)11 are costrained by hadronic EDMs. Imposing the experimental bound from the
neutron EDM, |dn| < 2.9 × 10
−26 e cm (90%CL) [63], we find Im(δdLR)11 . 2× 10
−6(m˜/1 TeV), Im(δuLR)11 .
4 × 10−6(m˜/1 TeV). The neutron EDM dn has been estimated in terms of constituent quark EDMs and
chromo–EDMs using the result of ref. [64], which is based on QCD sum rules [65, 66], and through the QCD
RG evolution from m˜ down to ∼ O(1) GeV [67]. Our numerical results are based on the exact expressions for
the SUSY contributions in the mass eigenstate basis of ref. [68].
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Figure 4: |∆aCP | versus |a(ρ,ω)γ | for a wide scan of the model parameters (see the text
for details). The blue points correspond to mh > 123 GeV. The green (dark green) band
represents the 2σ (1σ) experimental range.
Since (δuRR)12 and (δ
u
LR)
eff
11 depend on different combinations of (λU )ij compared to
(δuLR)12 and (δ
u
LR)21, it is not possible to establish model-independently whether the bounds
fromD0−D0 mixing and EDMs can be satisfied while simultaneously accounting for ∆aSUSYCP ≈
1%.
This can be realized by considering a suitable underlying flavor model that generates a
pattern of Yukawa couplings, which reproduces fermion masses and mixings and respects
the constraints in Eqs. (58) and (59), while having large (λU )13(λU )32 or (λU )23(λU )31 as in
Eqs. (56), (57). For the numerical analysis in the next section we simply assume that such
a model can be constructed. Later on we will discuss the predictions in the case of a simple
U(1) flavor model.
Finally, let us mention that, beside direct CP violation in charm systems, other poten-
tially interesting observables in this scenario could be rare B and K decays induced by FCNC
Z-penguins. However, the leading effects stemming from chargino/up-squark loops are pro-
portional to (δui3)LR(δ
u
j3)LR . Vi3Vj3 and therefore too small in order to generate visible
effects. On the other hand, the combination (δu3i)LR(δ
u
3j)LR is always accompanied by light
Yukawas and therefore safely negligible.
5.3 Numerical Results
In this section we demonstrate that (δuLR)
eff
12 and (δ
u
LR)
eff
21 as in Eqs. (56, 57) can indeed induce
values of ∆aCP consistent with the experimental observation of Eq. (41). Furthermore, we
illustrate the ∆aCP − a(ρ,ω)γ correlation of Eq. (55). For the numerical analysis we use the
expressions Eqs. (11)-(22) for the full structure of soft terms at the high scale. The gauge
mediation parameters are randomly varied in the ranges
5 ≤ tan β ≤ 40, 100 TeV ≤ Λ ≤ 500 TeV, Λ < M ≤ 1015 GeV, N = 1. (60)
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Figure 5: Different ranges of |∆aCP | displayed in the mg˜-m˜t1 plane. All points correspond
to mh > 123 GeV.
According to Eqs. (56, 57), we consider two separate cases for the entries of the matrix λU :
(a) (λU )ii = [0.3, 3] × (yU )ii [i = 1, 2, 3], (λU )13 = [0.3, 3] × λ3, (λU )32 = [0.3, 3], (61)
(b) (λU )ii = [0.3, 3] × (yU )ii [i = 1, 2, 3], (λU )23 = [0.3, 3] × λ2, (λU )31 = [0.3, 3]. (62)
All the other entries are set to zero and the phases are randomly varied between 0 and 2π.
In this way we assume an underlying theory of flavor in which the up sector only partially
contributes to the CKM matrix. Of course in a realistic model the entries that we neglect
here are expected to be different from zero, but we only need to require that they are small
enough in order to satisfy the constraints in Eqs. (58) and (59). Concretely, in case (a) we
need (λU )31 < 2 × 10−3, in case (b) (λU )32 < 6 × 10−2 and (λU )13 < 2 × 10−5. Moreover,
we allow for a moderate hadronic enhancement to the resulting ∆aCP , varying it randomly
between 1 and 3. As discussed above, D0 − D0 and EDMs constraints are automatically
satisfied for both cases (a) and (b).
The result is shown in Fig. 4, where we plot |∆aCP | versus |a(ρ,ω)γ |, displaying together
the points of the scans (a) and (b). The green (dark green) band is the 2σ (1σ) experimental
range reported in Eq. (41). The blue points correspond to mh > 123 GeV.
In Fig. 5, different ranges of |∆aCP | are displayed in the mg˜-m˜t1 plane. All points fulfill
the condition mh > 123 GeV. The SUSY contribution to ∆aCP decouples faster by increasing
the gluino mass than the stop mass, as one can easily check from the behavior of the loop
function of C8, see Eq. (53). Nevertheless, even for gluinos as heavy as 2÷3 TeV one can have
∆aCP & 6× 10−3.
6 Comparison with other models
In this section we compare the particular flavor structure of FGM to other models that predict
the parametric flavor suppression of soft terms. In particular, we consider MFV-like models,
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U(1) flavor symmetry models and SUSY models with Partial Compositeness (PC).
In all these models the SUSY mediation scale ΛS is assumed to be above the scale of flavor
messengers ΛF , so that the flavor structure of soft terms at the scale ΛF is controlled entirely
by the flavor dynamics at this scale, irrespectively of their structure at the scale ΛS . In FGM
the situation is reversed as the SUSY messenger scale ΛS = M is below ΛF . This setup is
therefore complementary to the other scenarios, allowing also for very low SUSY mediation
scales. All the unspecified dynamics of the flavor sector is imprinted in the matter-messenger
couplings, just like Yukawas, and the full SUSY spectrum is totally calculable in terms of
these couplings.
In contrast to the previous section, we will now take a broader perspective for FGM, and
consider soft terms that have the most general structure expected for superpotentials in which
all Yukawa-like couplings of light matter fields to the messengers are present (which requires
more than one pair of messengers). We restrict to the case in which these couplings (along
with Yukawas) have the parametric suppression expected in U(1) flavor models or almost
equivalently Partial Compositeness models. Before discussing the general form of soft terms
and comparing to the other scenarios, we will briefly review the flavor structure of soft terms
and mass insertions in the MFV, U(1) and PC cases.
6.1 Minimal Flavor Violation
The MFV ansatz is based on the observation that, for vanishing Yukawa couplings, the SM
quark sector exhibits an enhanced global symmetry
Gf = SU(3)u × SU(3)d × SU(3)Q . (63)
The SM Yukawa couplings are formally invariant under Gf if the Yukawa matrices are pro-
moted to spurions transforming appropriately under Gf . New Physics models are of MFV
type if there is no new flavor structure beyond the SM Yukawas. In this case they are formally
invariant under Gf [2], and the most general flavor structure can be recovered by a spurion
analysis.
In the R-parity conserving MSSM, the general expressions for the low-energy soft-breaking
terms compatible with the MFV principle read [2]
m˜2Q ∼ 1+ yUy†U + yDy†D, (64)
m˜2U ∼ 1+ y†UyU + y†UyDy†DyU , m˜2D ∼ 1+ y†DyD + y†DyUy†UyD, (65)
AU ∼ A
(
1+ yUy
†
U + yDy
†
D
)
yU , AD ∼ A
(
1+ yUy
†
U + yDy
†
D
)
yD, (66)
where we omitted O (1) complex coefficients and higher-order terms in yU,D (see ref. [69]
for the most general expressions). Therefore, keeping only the leading terms, we obtain the
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following mass insertions
(δuLL)ij ∼ V ∗i3Vj3 y2b , (δdLL)ij ∼ V3iV ∗3j y2t , (67)
(δuRR)ij ∼ yUi yUj V ∗i3Vj3 y2b , (δdRR)ij ∼ yDi yDj V3iV ∗3j y2t , (68)
(δuLR)ij ∼
mUj A
m˜Qm˜U
V ∗i3Vj3 y
2
b , (δ
d
LR)ij ∼
mDj A
m˜Qm˜D
V3iV
∗
3j y
2
t . (69)
Notice that the dominant flavor violating effects typically arise from the LL and LR down
sectors due to the large top Yukawa coupling, unless yb ∼ 1 corresponding to large tan β ∼
mt/mb. Moreover, the symmetry principle of MFV allows for the presence of flavor-blind CPV
phases [70] and therefore the µ-term, the gaugino masses Mi and trilinear scalar couplings
AU(D) might be complex [69,71–73]. This, in turn, leads to exceedingly large CPV phenom-
ena such as the neutron EDM (through the one loop exchange of gauginos and sfermions),
unless the first generation sfermions are heavy [73–75] or some other mechanism is at work
to suppress these CPV phases [74].
6.2 U(1) Flavor Models
In U(1) flavor symmetry models Yukawas are of the (hierarchical) form
(yU )ij ∼ ǫQi+Uj , (yD)ij ∼ ǫQi+Dj , (70)
where ǫ is a small order parameter and Qi, Ui,Di denote the positive U(1) charges of the
respective superfields. Using Q3 = U3 = 0 as suggested by the large top Yukawa, all other
charges can be expressed in terms of diagonal Yukawa couplings and CKM matrix elements,
giving
ǫQi ∼ Vi3, ǫUi ∼ y
U
i
Vi3
, ǫDi ∼ y
D
i
Vi3
. (71)
The structure of the soft masses as determined by U(1) invariance is given by
m˜2Q ∼ ǫ|Qi−Qj |, m˜2U ∼ ǫ|Ui−Uj |, m˜2D ∼ ǫ|Di−Dj |, (72)
AU ∼ ǫQi+Uj , AD ∼ ǫQi+Dj , (73)
so that one obtains for the “mass insertions” (MIs)
(δuLL)ij ∼
Vi3
Vj3
|i≤j, (δdLL)ij ∼
Vi3
Vj3
|i≤j, (74)
(δuRR)ij ∼
yUi Vj3
yUj Vi3
|i≤j , (δdRR)ij ∼
yDi Vj3
yDj Vi3
|i≤j, (75)
(δuLR)ij ∼
mUj A
m˜Qm˜U
V ∗i3
Vj3
, (δdLR)ij ∼
mDj A
m˜Qm˜D
V ∗i3
Vj3
, (76)
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where in LL and RR the i > j entries are obtained by hermitian conjugation, and in LR we
introduced a complex conjugation to indicate that the diagonal entries are in general complex.
The major problem with the above flavor structures is to satisfy the constraint from
ǫK ∼ (δdLL)12(δdRR)12 ∼ md/ms which typically requires a SUSY scale of O (100) TeV. To
less extent, also ǫ′/ǫ ∼ (δdLR)12(21) and the neutron EDM (which is dominantly generated by
the down-quark EDM) provide strong bounds on U(1) flavor models. Moreover, similarly
to the MFV case, the flavor U(1) symmetry does not prevent the existence of flavor-blind
CPV phases for the gaugino masses, trilinear terms and the µ-term. Therefore, the SUSY
CP problem has to be addressed by some other protection mechanisms in order to make this
scenario viable.
6.3 Partial Compositeness
Partial Compositeness (PC) is a seesaw-like mechanism that explains the hierarchy among
the SM fermion masses by mixing with heavy resonances of a strongly coupled sector. Orig-
inally proposed within Technicolor models [35], it has been subsequently applied to extra-
dimensional RS models [76,77] and also in the context of SUSY [31,32].
The basic assumption is that at the UV cutoff the SM fermions couple linearly to operators
of the strong sector that is characterized by the mass scale mρ and the coupling gρ. According
to the paradigm of Partial Compositeness, in the effective theory below the scale mρ of the
heavy resonances, every light quark (q, u, d)i is accompanied by a spurion ǫ
q,u,d
i . 1 that
measures its amount of compositeness. The quark Yukawa matrices then take the form
(yU )ij ∼ gρǫqi ǫuj , (yD)ij ∼ gρǫqi ǫdj , (77)
which closely resembles the case of a single U(1) flavor model, see Eq. (70), with the corre-
spondence
ǫq,u,di ←→ ǫQi,Ui,Di . (78)
A slight difference arises from the presence of the coupling gρ that can be large in this case.
This implies that one can consider also ǫq3, ǫ
u
3 < 1 or equivalently Q3, U3 6= 0, since the top
Yukawa can arise from strong coupling. One has therefore two more parameters that we
choose as ǫq3 and ǫ
u
3 .
Apart from this issue, there is no difference between a single U(1) and PC for what
regards Yukawa couplings, or in general all superpotential terms. The main difference is in
the non-holomorphic soft terms, which at the scale mρ are expected to be of the form [32]
m˜2Q ∼ 1+ ǫqi ǫqj , (79)
m˜2U ∼ 1+ ǫui ǫuj , m˜2D ∼ 1+ ǫdi ǫdj , (80)
AU ∼ gρǫqi ǫuj , AD ∼ gρǫqi ǫdj , (81)
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Therefore we find the following MIs
(δuLL)ij ∼ (ǫq3)2V ∗i3Vj3, (δdLL)ij ∼ (ǫq3)2V3iV ∗3j , (82)
(δuRR)ij ∼
yUi y
U
j
V ∗i3Vj3
(ǫu3)
2
y2t
, (δdRR)ij ∼
yDi y
D
j
V3iV ∗3j
(ǫu3 )
2
y2t
, (83)
(δuLR)ij ∼
mUj A
m˜Qm˜U
V ∗i3
Vj3
, (δdLR)ij ∼
mDj A
m˜Qm˜D
V3i
V ∗3j
. (84)
Comparing the flavor structure for the soft sector in the U(1) model and PC cases, the most
prominent feature is the higher suppression for off-diagonal sfermion masses in the LL and
RR sectors in the PC case. The LR sector has the same parametric structure in PC and U(1)
models, since in both scenarios the A-terms are proportional to the SM Yukawas. Moreover,
PC and U(1) flavor models share also the same SUSY CP problem, as the PC paradigm does
not protect against flavor-blind CPV phases.
6.4 Flavored Gauge Mediation
In order to be general, we now consider the case in which all Yukawa-like couplings of light
matter fields to messenger fields are present in the superpotential. As discussed, this requires
the presence of more than one messenger pair, with a messenger (ΦHu)1 that has the same
quantum number as Hu and a messenger (ΦHd)2 that has the same quantum number as Hd,
for what regards the symmetry that forbids the µ-term. The new superpotential terms are
then of the form
∆W = (λU )ijQiUj(ΦHu)1 + (λd)ijQiDj(ΦHd)2. (85)
The flavor structure of the soft terms can be found by a spurion analysis noting that the new
couplings transform under the global flavor group as the corresponding Yukawas. The result
is
AU ∼ λDλ†DyU + λUλ†UyU + yUλ†UλU , AD ∼ λDλ†DyD + λUλ†UyD + yDλ†DλD, (86)
∆m˜2Q ∼ λUλ†U , ∆m˜2U ∼ λ†UλU , ∆m˜2D ∼ λ†DλD. (87)
At this point we restrict to the case where a single U(1) symmetry controls the size of the
superpotential couplings, that is we take
(yU )ij ∼ (λU )ij ∼ ǫQi+Uj , (yD)ij ∼ (λD)ij ∼ ǫQi+Dj . (88)
The mass insertions can then be calculated in terms of Yukawas and CKM elements. Keeping
only the leading-order terms, one obtains
(δuLL)ij ∼ V ∗i3Vj3y2t , (δdLL)ij ∼ V3iV ∗3jy2t , (89)
(δuRR)ij ∼
yUi y
U
j
V ∗i3Vj3
, (δdRR)ij ∼
yDi y
D
j
V3iV ∗3j
, (90)
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(δuLR)ij ∼
mUj A
m˜Qm˜U
(
V ∗i3Vj3 +
yUi y
U
i
V ∗i3Vj3y
2
t
)
, (91)
(δdLR)ij ∼
mDj A
m˜Qm˜D
(
V3iV
∗
3j +
yDi y
D
i
V3iV ∗3jy
2
t
)
. (92)
For light generations the dominant effective MIs arise from the contractions δqLLδ
q
LRδ
q
RR,
δqLLδ
q
LR or δ
q
LRδ
q
RR. For the leading-order terms we find
(δuLR)
eff
ij ∼
mUj
(
A− y2t µ∗/ tan β
)
m˜Qm˜U
V ∗i3
Vj3
y2t i, j = 1, 2, (93)
(δdLR)
eff
ij ∼
mDj
(
A− y2t µ∗ tan β
)
m˜Qm˜D
V3i
V ∗3j
y2b i, j = 1, 2. (94)
Note that in contrast to the other models (δuLR)
eff
12 is larger than (δ
u
LR)12, because the up–
Yukuwa in AU can be sandwiched between λU spurions, avoiding the double suppression by
light Yukawas and CKM factors. The same is true also for (δdLR)
eff
12 provided that tan β is
large enough. Finally, for ij = 3j, i3, it turns out that (δuLR)
eff
ij ∼ (δuLR)ij , while (δdLR)effij can
be larger than (δdLR)ij if (µ/A) tan β > 1.
Despite the underlying U(1) flavor symmetry, the GMSB setup leads to a strong suppres-
sion for the soft terms that rather resembles the PC structure. Here the extra suppression
originates in the loop origin of soft terms, which acts precisely as a wavefunction suppres-
sion [33, 34]. Indeed LL and RR mass insertions are suppressed as in PC, while (effective)
LR mass insertions in the up sector have roughly the same suppression. Interestingly LR
in the down sector is additionally suppressed by y2b , which becomes strong in the low tan β
regime. This setup therefore allows the implementation of SUSY flavor models with a built-in
suppression of ∆F = 2 effects and flavor-violating effects mainly arising from the LR mass
insertions.
Moreover, as opposite to the case of MFV, PC and U(1) flavor models, the FGM setup
has also a built-in protection against flavor-blind CPV phases stemming from GMSB. Yet,
the µ- and Bµ-terms, which are not controlled by GMSB, could introduce irremovable phases
depending on the underlying mechanism that generates them. Still, if this mechanism is such
that the phases of µ and Bµ are correlated to the phase of Λ, then no phases arises from this
sector [1].
6.5 Comparison
We now compare the parametric flavor suppression of the soft terms in the various scenarios
summarized in Table 2. In addition to the general FGM discussed in the previous section,
denoted as FGMU,D, we include the model from Section 5 (where only ΦHu couples to matter
fields), which in the following we denote as FGMU . As can be seen from this table, the MFV
scenario always yields the strongest suppressions and U(1) the weakest. A closer look at the
LL/RR and LR MIs of Table 2 leads to the following general conclusions:
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MFV PC U(1) FGMU,D +U(1) FGMU +U(1)
(δuLL)ij V
∗
i3Vj3y
2
b V
∗
i3Vj3(ǫ
q
3)
2 Vi3
Vj3
|i≤j V ∗i3Vj3 V ∗i3Vj3
(δdLL)ij V3iV
∗
3j V3iV
∗
3j(ǫ
q
3)
2 Vi3
Vj3
|i≤j V3iV ∗3j V3iV ∗3j
(δuRR)ij y
U
i y
U
j V
∗
i3Vj3y
2
b
yUi y
U
j
V ∗i3Vj3
(ǫu3)
2 y
U
i Vj3
yUj Vi3
|i≤j y
U
i y
U
j
V ∗i3Vj3
yUi y
U
j
V ∗i3Vj3
(δdRR)ij y
D
i y
D
j V3iV
∗
3j
yDi y
D
j
V3iV ∗3j
(ǫu3)
2 y
D
i Vj3
yDj Vi3
|i≤j y
D
i y
D
j
V3iV ∗3j
yDi y
D
j V3iV
∗
3j
(δuLR)ij y
U
j V
∗
i3Vj3y
2
b y
U
j
V ∗i3
Vj3
yUj
V ∗i3
Vj3
yUj (V
∗
i3Vj3+
yUi y
U
i
V ∗i3Vj3
) yUj (V
∗
i3Vj3+
yUi y
U
i
V ∗i3Vj3
)
yUj
V ∗i3
Vj3
yUj
V ∗i3
Vj3
(δdLR)ij y
D
j V3iV
∗
3j y
D
j
V3i
V ∗
3j
yDj
V ∗i3
Vj3
yDj (V3iV
∗
3j+
yDi y
D
i
V3iV ∗3j
) yDj V3iV
∗
3j
yDj
V3i
V ∗
3j
y2b
Table 2: Parametric suppression for mass insertions in various scenarios. The entries in the
U(1) column with i > j are obtained from hermiticity. In the LR rows for FGM we included
the effective mass insertions δeffLR proportional to A in the lower entry when they can dominate
over the direct ones in the upper entry. We neglect powers of yt.
LL/RR mixing: The U(1) model has a much milder suppression compared to the PC and gen-
eral FGM cases. In particular, assuming the approximate relation yi/yj ∼ (Vi3/Vj3)2,
it turns out that (δu,dAA)ij ∼ Vi3/Vj3 (for i < j and AA = LL,RR) in the U(1) case,
while (δu,dAA)ij ∼ Vi3Vj3 in the PC and general FGM cases. This higher suppression is
reminiscent of what happens in the case of wave function renormalization [33,34] where
the LL and RR MIs depend on the sum of charges instead of their difference in contrast
to U(1) models. In the PC case, we have a further suppression of order (ǫq,u3 )
2 for δu,dLL,RR
compared to FGMU,D which is maximized for maximal strong couplings gρ ∼ 4π as the
top mass relation implies that gρǫ
q
3ǫ
u
3 = 1 with ǫ
q,u
3 < 1. While the up sector is identical
in both FGM models, the down sector of FGMU is MFV-like because there is no new
spurion transforming under SU(3)d.
LR mixing: PC has the same suppression as U(1) in both the up and down sectors. The
FGMU,D shares this suppression in the (effective) LR up-sector, while the LR down-
sector involves an additional y2b . Again the down sector of FGMU has an additional
suppression that becomes as strong as in MFV.
We now analyze the phenomenological implications of the flavor structure of sfermion
masses in low-energy processes. In particular, we will distinguish among ∆F = 2, ∆F = 1,
and ∆F = 0 processes, where in the latter case we refer to flavor conserving transitions like
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MFV PC U(1) FGMU,D +U(1) FGMU +U(1) EXP. OBS.
〈δd〉212 ydysλ10 ydysg2ρ
yd
ys
ydys ydysλ
10 7×10−8 ǫK
〈δu〉212 yuycλ10y4b yuycg2ρ
yu
yc
yuyc yuyc 1×10−5 |q/p|, φD
(δuLR)12
mcaU
m˜2 λ
5y2b
mcA
m˜2 λ
mcaU
m˜2 λ
mcaU
m˜2 λ
mcaU
m˜2 λ 2×10−3 ∆aCP
(δdLR)12
msaD
m˜2
λ5 msA
m˜2
λ msaD
m˜2
λ msaD
m˜2
λy2b
msaD
m˜2
λ5 4×10−5 ǫ′/ǫ
(δuLR)11
muaU
m˜2
muaU
m˜2
muaU
m˜2
muaU
m˜2
muaU
m˜2
4×10−6 dn
(δdLR)11
mdaD
m˜2
mdaD
m˜2
mdaD
m˜2
mdaD
m˜2
y2b <
mdA
m˜2
λ6 2×10−6 dn
Table 3: Predictions for the relevant mass insertions in the scenarios of Table 2. Here
〈δq〉212 ≡ (δqLL)12(δqRR)12, λ ≈ 0.2 and we neglect powers of yt. We denote aU ≡ A− µ∗/ tanβ
and aD ≡ A − µ∗ tanβ, where the parameter A is defined by (AU )33 = Ayt in all scenarios.
The experimental bounds (EXP.) refer to the imaginary components of the MIs for m˜ = 1 TeV
and are obtained imposing the experimental constraints on the most relevant processes listed
in the last column (OBS.).
the EDMs that are still sensitive to flavor effects. Concerning ∆F = 2, 1 transitions, we will
focus only on processes with an underlying s → d or c → u transition as they put the most
stringent bounds to the model in question. The predictions for the most relevant combinations
of MIs are summarized in Table 3.
∆F = 2 processes: the relevant processes here are K0−K¯0 and D0−D¯0 mixings. As it is well
known, these processes are mostly sensitive to the combinations of MIs (δdLL)12(δ
d
RR)12
and (δuLL)12(δ
u
RR)12, respectively. In the U(1) case, it turns out that (δ
d
LL)12(δ
d
RR)12 ∼
md/ms ≈ 0.05, which implies a very heavy SUSY spectrum given the model-independent
bound from ǫK that requires Im[(δ
d
LL)12(δ
d
RR)12] . 10
−7 (m˜/1TeV). The D0 − D¯0
bounds are automatically satisfied after imposing that from ǫK . The situation greatly
improves in the PC and FGMU,D cases where we have (δ
d
LL)12(δ
d
RR)12 ∼ mdmsg2ρv2 tan
2 β ≈
5 × 10−9 tan2 β
g2ρ
and (δdLL)12(δ
d
RR)12 ∼ (mdms/v2) × tan2 β ≈ 5 × 10−9 tan2 β, respec-
tively. For moderate/small values of tan β and considering O(1) unknowns, both PC
and FGMU,D scenarios are viable for TeV scale soft masses. Yet, in the PC and FGMU,D
models, it is easy to generate sizable NP effects for ǫK (but not for Bd,s mixing) which
can improve the UT fit [78]. Finally MFV and FGMU have an additional CKM sup-
pression in the down sector, which completely removes the bounds from ǫK even for
large tan β. Although the up sector in FGMU is not as much suppressed as MFV, it is
still small enough to easily satisfy the D0 − D¯0 bounds.
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∆F = 1 processes: The most constraining process of this sector is ǫ′/ǫ, which provides the
model-independent bound Im(δdLR)12 . 4× 10−5(m˜/1 TeV). Such an upper bound can
be saturated in PC and U(1) models where (δdLR)12 ∼ (A/m˜)× (msλ/m˜). Imposing the
vacuum stability condition A/m˜ . 3, it turns out that (δdLR)12 . 4×10−5(1 TeV/m˜). In
the FGMU,D case, there is an additional y
2
b suppression in the LR down-sector compared
to the PC and U(1) cases and therefore ǫ′/ǫ does not put any constraint to the model
especially for moderate/low tan β values. The situation further improves in the FGMU
scenario, in which the down LR sector becomes as strong as in MFV.
∆F = 0 processes: Hadronic EDMs constrain the MIs (δd,uLR)11. Imposing the experimen-
tal bound on the neutron EDM [63], we find that Im(δdLR)11 . 2 × 10−6(m˜/1 TeV)
and Im(δuLR)11 . 4 × 10−6(m˜/1 TeV) (see footnote 4). In U(1) and PC models,
assuming A/m˜ ≃ 3 and the PDG values for mu,d [79], it turns out that (δdLR)11 ∼
8× 10−6(1 TeV/m˜) and (δuLR)11 ∼ 4× 10−6(1 TeV/m˜), which are somewhat in tension
with the hadronic EDM bounds especially in the down sector. In the FGMU,D case,
there is an additional y2b suppression in the LR down-sector and therefore the EDM
constraints are significantly relaxed for small and moderate tan β. The LR-down sector
of FGMU has an additional CKM suppression that is even stronger than in MFV and
removes the down EDM constraint completely.
We now turn to the predictions for ∆aCP in the models of Table 2. First of all, in MFV
the effect is way too small to explain the observed value, as (δuLR)12 ∼ O(10−7) even for
yb ∼ 1. Instead U(1) and PC scenarios have already been used to address the CP asymmetry
within a SUSY context in Refs. [30] and [32], respectively.
The conclusions in the U(1) case were not too optimistic, mainly because of the tight
constraints from ǫK that can be relaxed only by relying on large gluino RG contributions to
provide some degree of degeneracy of sfermions [30,80]. Moreover, the ǫ′/ǫ constraint, which
requires (δdLR)12 . 4× 10−5(m˜/TeV), implies the bound
(δuLR)12 ∼
mc
ms
(δdLR)12 . 5× 10−4
m˜
TeV
, (95)
which is only marginally compatible with (δuLR)12 ∼ 10−3, as needed for the observed ∆aCP .
Finally, the neutron EDM bound implies the following constraints
(δuLR)12 ∼
mc
md
Vus(δ
d
LR)11 .
mc
md
Vus
(
2× 10−6 m˜
TeV
)
∼ 1× 10−4 m˜
TeV
, (96)
(δuLR)12 ∼
mc
mu
Vus(δ
u
LR)11 .
mc
mu
Vus
(
4× 10−6 m˜
TeV
)
∼ 4× 10−4 m˜
TeV
, (97)
which have been obtained switching on the down- and up-quark chromo–EDM contributions to
dn at a time, respectively. As a result, also the EDM bounds are challenging the explanation of
the observed ∆aCP within U(1) models. Yet, given the large uncertainties in the evaluation
of hadronic EDMs and taking into account also O (1) coefficients, which can easily lead
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Figure 6: |∆aCP | versus |a(ρ,ω)γ | (left) and dn (right) in the FGMU + U(1) model for a wide
scan of the parameters (see the text for details). The blue points correspond to mh > 123 GeV.
The green (dark green) band represents the 2σ (1σ) experimental range. The grey shaded area
is excluded by neutron EDM searches.
to an accidental enhancement, one cannot conclude that the EDM constraints prevent the
explanation of the observed effect in ∆aCP .
This situation can be improved in models with Partial Compositeness [32] as the constraint
from ǫK can be easily satisfied. Yet, the constraints from the EDMs and ǫ
′/ǫ, which are exactly
the same as in the U(1) model, represent a serious challenge for PC models when attempting
to explain ∆aCP .
Passing to FGMU,D, we observe that the ǫK constraint can be quite easily satisfied as
in the PC case. Moreover, the ǫ′/ǫ and EDM bounds are significantly relaxed in this case
thanks to the additional y2b suppression in LR down-sector. The situation even improves in
the FGMU scenario, in which the down LR sector becomes MFV-like. Notice that importantly
the up LR sector in both FGM setups remains as large as in U(1) and PC. Therefore only
the up-quark EDM puts slight constraints on the viable parameter space. We also want to
emphasize that in contrast to the PC case, where the presence of the strongly interacting
sector leads to a lack of predictivity even for the flavor-diagonal SUSY spectrum, the FGM
scenario has the main advantage that the SUSY spectrum is similarly predictive as minimal
Gauge Mediation with only one additional parameter.
To illustrate what discussed above, we show a numerical computation of ∆aCP in the
FGMU + U(1) model. The gauge mediation parameters are varied as in the scan presented
in Section 4, see Eq. (60). The structure of λU is dictated by the U(1) symmetry as in
Eq. (71), taking randomO (1) coefficients (between 0.3 and 3) and phases. A possible hadronic
enhancement of ∆aCP (up to a factor of 3) is taken into account. In Fig. 6 we plot the
resulting |∆aCP | vs. |a(ρ,ω)γ | (left) and dn (right). As before the blue points correspond to
mh > 123 GeV. We see that in the model a potentially large SUSY contribution to |∆aCP |
is not excluded by the bound from the neutron EDM, as discussed above.
Finally we briefly comment on the leptonic sector. Including the new coupling ∆W =
λELEΦHd with λE ∼ yE, by a spurion analysis we find that the flavor structure of the soft
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terms has the form
AE ∼ λEλ†EyE + yEλ†EλE, (98)
∆m˜2L ∼ λEλ†E , ∆m˜2E ∼ λ†EλE , (99)
If we restrict to the case where a single U(1) symmetry controls the size of the flavor couplings,
and take for the unitary rotations in the charged lepton sector the rough estimate (V EL,R)ij ≈√
mEi /m
E
j for i ≤ j, we find
(δeLL)ij ∼ (δeRR)ij ∼ y2τ
√
mEi m
E
j
mτ
, (δeLR)ij ∼
(mEi +m
E
j )A
m˜Lm˜E
y2τ
√
mEi m
E
j
mτ
. (100)
Again for light generations the effective MIs generated from triple or double products can be
dominant, with the leading contribution given by
(δeLR)
eff
ij ∼
mτ (A− µ∗ tan β)
m˜Lm˜E
y4τ
√
mEi m
E
j
mτ
i, j = 1, 2. (101)
The most stringent constraints that arise from µ→ eγ and the electron EDM [81,82] can be
naturally satisfied for moderate tan β values even for m˜L ∼ m˜E ∼ 200 GeV. Therefore, the
FGM scenario represents a concrete example for those classes of models where the muon g−2
anomaly can be naturally accounted for while keeping under control other dipole transitions
such as µ→ eγ and the electron EDM [83].
7 Conclusions
Among the many candidates for a SUSY breaking mechanism, Gauge Mediation provides an
elegant and very predictive framework. This scenario naturally realizes the Minimal Flavor
Violation paradigm, and therefore seems to be favored by the current flavor data where no
convincing non-SM signals have been observed so far. On the other hand, minimal realizations
of GMSB are now seriously challenged by the Higgs boson discovery at the LHC, since they
can account for mh ≈ 126 GeV only at the price of large fine-tuning and a spectrum beyond
the reach of the LHC.
This has recently motivated several attempts to extend the minimal GMSB framework
by direct couplings of GMSB messengers to MSSM fields [6–14]. While most of this models
preserve the MFV structure of Minimal Gauge Mediation, we found particularly interesting
the setup considered in Ref. [6], dubbed “Flavored Gauge Mediation” (FGM). In this work
the authors have proposed couplings of the messengers to the MSSM matter fields, which
resemble the MSSM Yukawa couplings and are therefore assumed to be controlled by the
same underlying mechanism that explains flavor hierarchies. This framework can be easily
motivated, provided that the underlying theory of flavor treats GMSB messengers and MSSM
Higgs fields in the same way, for example as a consequence of a flavor symmetry under which
messengers and Higgs have the same quantum numbers.
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While in Ref. [6, 12] the authors concentrated mainly on the implications for the SUSY
spectrum and the slepton flavor sector, in this work we have studied the general flavor struc-
ture of this framework in great detail. We have shown that this scenario gives rise to an
interesting pattern of flavor violation that goes in a controlled way beyond MFV, in which
the dominant effects enter through A-terms, i.e. LR mass insertions, while effects from LL
and RR mass insertions are very efficiently suppressed (see Table 2, 3). This strong sup-
pression is reminiscent of what happens in the case of wave function renormalization [33,34]
or Partial Compositeness [31, 32], despite the underlying flavor model can be a simple U(1)
flavor model (which in the context of Gravity Mediation typically suffers from strong ∆S = 2
constraints [30,62]). In FGM this extra suppression originates in the loop origin of soft terms,
which acts precisely as a wavefunction suppression. Indeed LL and RR mass insertions, as
well as LR mass insertions in the up sector, are roughly suppressed as in Partial Compos-
iteness. Interestingly, the LR mass insertions in the down sector are additionally suppressed
by y2b (which becomes strong in the low tan β regime) and therefore dipole transitions such
as hadronic EDMs and ǫ′/ǫ are better controlled than in Partial Compositeness. Still, an
important difference is that in FGM the spectrum is completely calculable in terms of few
parameters. Another virtue of this model, as opposed to PC and U(1) flavor models in the
context of Gravity Mediation, is the additional built-in protection against flavor-blind CPV
phases stemming from the GMSB loop structure.
This setup therefore allows the implementation of SUSY flavor models (in particular U(1)
models) with a built-in suppression of ∆F = 2 effects and flavor-violating effects mainly
arising from the LR MIs in the up-sector. This naturally realizes the “disoriented” A-term
scenario [29] and thus provides an ideal framework to account for the observed direct CP
violation in charm decays.
Concerning the phenomenology of this model, we summarize here our main findings:
• With respect to minimal gauge mediation, the spectrum of the model is basically con-
trolled by a single new parameter of the size of the top Yukawa. For a broad range of
this parameter the SUSY spectrum is strongly modified with respect to minimal GMSB,
with either light stops or light first generation squarks and gluinos that are potentially
observable at the LHC (see Fig. 1, 2).
• The lightest Higgs boson mass mh ≈ 126 GeV can be accounted for by stop masses
around 1 TeV (see Fig. 2). On the other hand, the Higgs boson properties remain
basically SM-like. In particular, in spite of the relatively light stau (with large left-right
mixing) and heavy higgsinos, we find only a few per-cent enhancement in h→ γγ since
mτ˜1 & 200 GeV (see Fig. 2).
• The SUSY contribution to (g− 2)µ can be easily as large as (1÷ 2)× 10−9 (see Fig. 3),
thus reducing significantly the ∼ 3.5σ discrepancy between the SM prediction and the
experimental value ∆aµ = a
EXP
µ − aSMµ = 2.90(90) × 10−9 [44–47].
• Since flavor-violating effects mainly arise in the LR up-sector, we can easily explain the
observed direct charm-CPV ∆aCP = −(0.68 ± 0.15)%, while being compatible with all
29
∆F = 2 and EDM bounds (see Fig 4, 6). Yet, it is easy to generate sizable NP effects
for ǫK (but not for Bd,s mixing) which can improve the UT fit [78].
• In the lepton sector, we find that LFV processes like µ→ eγ and the electron EDM are
naturally under control with typical predictions lying within the expected experimental
resolutions.
In conclusion, we have discussed a concrete model within a GMSB framework departing in
a controlled way from the MFV paradigm, along the lines of Ref. [6]. While this model is
able to satisfy naturally all the current bounds from direct and indirect searches, it can also
accommodate the few possible hints of New Physics.
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